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The title compound, C 2 6H 28 N0 3 P, crystallized with two 
independent molecules in the asymmetric unit. The structural 
features (bond lengths and angles) of the two molecules are 
almost identical. The interplanar angle between the anthra- 
cene and toluidine rings is similar in the two molecules, with 
values of 82.92 (5) and 80.70 (5)°. In the crystal, both 
molecules form inversion dimers linked by pairs of N— 
H- ■ O hydrogen bonds. Three of the four ethyl groups are 
disordered over two sets of sites, the major components having 
occupancies of 0.748 (15), 0.77 (4) and 0.518 (19). 

Related literature 

For general background of the use of aminophosphonic acid 
derivatives in organic synthesis and as biologically active 
compounds, see: Kraicheva et al. (2011). 




Experimental 

Crystal data 

C 26 H 28 N0 3 P 
M, = 433.46 
Triclinic, PI 
a = 9.5990 (3) A 
b = 12.6386 (5) A 
c = 20.2131 (7) A 
a = 75.865 (3)° 
P = 76.780 (4)° 

Data collection 

Agilent SuperNova Dual 
diffractometer with an Atlas 
detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
T mi „ = 0.947, r maz = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.056 
wR(F 2 ) = 0.153 
S = 1.02 

12691 reflections 
637 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 74.927 (3)° 

V = 2260.13 (14) A 3 

Z = 4 

Mo Ka radiation 
jU = 0.15 mm -1 
T = 290 K 

0.31 x 0.18 x 0.15 mm 



20827 measured reflections 
12691 independent reflections 
8114 reflections with 1 > 2a(l) 
R in , = 0.036 



4 restraints 

H-atom parameters constrained 
A/w = 0.29 e A" 3 
APmin = -0.34 e A" 3 



D-H-A 


D-H 


H-A 


D- ■ A 


D-H-A 


Nl-Hl-Ol' 


0.98 


2.02 


2.990 (2) 


170 


N1B-H1B- ■ 021" 


0.90 


2.15 


3.016 (2) 


163 


Symmetry codes: (i) — x 


+ l,-y + l.-z + l;(ii) -x 


+ 1. -y, -z. 





Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008; molecular graphics: 
ORTEP-3 for Windows (Farrugia, 1997); software used to prepare 
material for publication: WinGX (Farrugia, 1999). 

Thanks are due to Bulgarian National Science Fund of the 
Ministry of Education and Science for the financial support 
[contract DTK 02/34 (2009)]. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: NG5182). 
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Diethyl [(9-anthryl)(4-methylanilino)methyl]phosphonate 

I. Kraicheva, I. Tsacheva, E. Vodenicharova, E. Tashev and K. Troev 

Comment 

Aminophosphonic acid derivatives constitute an important class of biologically active compounds with a great potential 
for medicinal and pharmaceutical applications. They are phosphorus analogues of natural alpha-aminocarboxylic acids - 
the bilding blocks of peptides and proteins Due to the close structural resemblance, aminophosphonates can mimic the 
aminoacids and can act as inhibitors and regulators of metabolic processes. Therefore they are extremely useful in the de- 
velopment of potential drugs against several metabolic disorders. Moreover, many of aminophosphonate derivatives exhibit 
antibacterial, antiviral and anticancer activity. The title compound has been synthesized and tested for cytotoxicity on Balb/c 
3 T3 (clone3 1) cells, for in vitro antitumor activity using a panel of six human epithelial cancer cell lines and for genotoxicity 
and antiproliferative activity in vivo. Here we report its crystal structure. 

The title compound (Fig. 1) possesses three distinct functional groups: anthracen, diethyl phosphonate and /?-toluidine. It 
crystallizes with two independent molecules in the assymetric unit. The anthracen and toluidine moieties are nearly planar 
(with respective r.m.s. of 0.014/0.003 and 0.017/0.005A for molecule A and B). 

The interplanar angle beteween the anthracen and the toluidine is 82.92 (5) and 80.70 (5) °. 

One can say that the diethyl phosphonate moiety is also positioned in the toluidine mean plane thus inferring a T-shape 
to the molecule. 

In the crystal structure of the studied compound symmetrically equivalent molecules are linked together by N — H--0 
hydrogen bonds to form cyclic dimmers (Fig. 2). 

Three of the four ethyl moieties present in the crystal structure of the title compound are disordered over two positions. 
The positional disorder on the O and C ethyl atoms was resolved by finding alternative positions from the difference Fourier 
map, and was subsequently refined over two positions. Where necessary bonds were constrained to distances of 1.54 (5) A 
(P — O) and 1. 44 (5) A (O — C and C — C). The occupancies of the component of the ethyl fragments starting with 02, 03 
and 022 atoms are 0.737 (5), 0.755 (2) and 0.482 (3) respectively. 

Experimental 

The studied compound has been obtained according to Kraicheva et al. 2011. Suitable crystals were obtained by slow 
evaporation from methanol/methylen chloride solution (1:1 vlv) at room temperature. 

Refinement 

All H atoms bonded to C were placed in idealized positions (C — H aromat j c = 0.93 A, C — H met h y i en = 0.97 A and C — H met h y i 
= 0.96 A. The imino H atom was located from difference fourier map. All H atoms were constrained to ride on their parent 
atoms, with C/i S0 (H) = 1.2t/ eq (C orN) and 1.5(7 eq (C met hyi). 
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The positional disorder on the O and C ethyl atoms was resolved by finding alternative positions from the difference 
Fourier map, and was subsequently refined over two positions. Where necessary distance restraints (C — C= 1.52+/-0.05 A, 
C — O=1.44+/-0.05 A and P — O = 1.54+/-0.05 A) were employed The occupancies of the component of the ethyl fragments 
starting with 02, 03 and 022 atoms are 0.748 (4), 0.768 (2) and 0.482 (3) respectively. 



Figures 




L. 



Fig. 1. The asymmetric unit of title compound with the atom numbering scheme showing 
50% probability displacement ellipsoids. H atoms have been omitted for clarity. The minor 
disorder component is shown as dasshed lines. 



Fig. 2. The packing arrangement of the molecules in the unit cell, showing the hydrogen- 
bonding interactions as dashed lines, [symmetry codes: (i) 1 - x, 1 - y, 1 - z; (ii) 1 - x, 1 -y, 



■A 



Diethyl [(9-anthryl)(4-methylanilino)methyl]phosphonate 



Crystal data 

C26H28NO3P 
M,- = 433.46 
Triclinic, PI 
a = 9.5990 (3) A 
b = 12.6386 (5) A 
c = 20.2131 (7) A 
a = 75.865 (3)° 
(3 = 76.780 (4)° 
y = 74.927 (3)° 
V= 2260.13 (14) A 3 
Z=4 



F(000) = 920 

D x = 1.274 MgnT 3 

Melting point = 406-407 K 

Mo Ka radiation, X = 0.7107 A 

Cell parameters from 6846 reflections 

6 = 2.8-31.3° 

p. = 0.15 mm 1 

7=290K 

Prism, yellow 

0.31 x 0.18 x 0.15 mm 



Data collection 

Agilent SuperNova Dual 

diffractometer with an Atlas detector 

Radiation source: SuperNova (Mo) X-ray Source 

mirror 

Detector resolution: 10.3974 pixels mm" 1 
co scans 



12691 independent reflections 

8114 reflections with/> 2o(i) 
Rint = 0.036 

6max = 30.0°, 9 m i n = 2.8° 

A = -12-»13 
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Absorption correction: multi-scan 

(CrysAlis PRO; Agilent, 2010) " ~ 17 ^ 13 

r min = 0.947, T max = 1 .000 / = -28^28 
20827 measured reflections 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.056 
wR(F 2 ) = 0.153 
S= 1.02 

12691 reflections 
637 parameters 
4 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0574P) 2 + 0.387 IP] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 
Ap max = 0.29eA- 3 
Ap m i„ = -0.34 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > ^(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


TJ- *ITJ 


C101 


0.32852 (19) 


0.42066 (15) 


0.42195 (9) 


0.0383 (4) 


H101 


0.2516 


0.3873 


0.4545 


0.046* 


C102 


0.32061 (18) 


0.40400 (14) 


0.35010 (9) 


0.0360 (4) 


C103 


0.38352 (19) 


0.46855 (15) 


0.28834 (9) 


0.0399 (4) 


C104 


0.4604 (2) 


0.55260 (17) 


0.28607 (11) 


0.0502 (5) 


H104 


0.4707 


0.5669 


0.3275 


0.060* 


C105 


0.5185 (3) 


0.6119 (2) 


0.22562 (12) 


0.0632 (6) 


H105 


0.5685 


0.6654 


0.2264 


0.076* 


C106 


0.5050 (3) 


0.5943 (2) 


0.16170(12) 


0.0741 (7) 


H106 


0.5444 


0.6367 


0.1206 


0.089* 


C107 


0.4352 (3) 


0.5163 (2) 


0.16009(11) 


0.0675 (7) 


H107 


0.4271 


0.5048 


0.1175 


0.081* 


C108 


0.3723 (2) 


0.45006 (18) 


0.22268 (9) 


0.0470 (5) 


CI 09 


0.3007 (2) 


0.36943 (19) 


0.22033 (10) 


0.0523 (5) 
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0.045 (2) 
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-0.021 (4) 


022B 
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C425 

PI 

P1B 



0.067 (6) 
0.0467 (3) 
0.0369 (2) 



0.156 (12) 
0.0427 (3) 
0.0411 (3) 



0.124 (10) 
0.0453 (3) 
0.0455 (3) 



-0.067 (7) 
-0.0046 (2) 
0.0009 (2) 



-0.022 (6) 
-0.0201 (2) 
-0.0121 (2) 



0.004 (9) 
-0.0117(2) 
-0.0107 (2) 



Geometric parameters (A, °) 



C101— Nl 


1.446 (2) 


C213 — C214 


1.354 (3) 


Cioi — C102 


1.539 (2) 


C213 — H213 


0.9300 


C101 — PI 


1.8208 (17) 


C214 — C215 


1.435 (3) 


C101 — H101 


0.9800 


C214 — H214 


0.9300 


C102 — C103 


1.415 (2) 


C216 — C222 


1.383 (3) 


C102 — CI 15 


1.417 (2) 


C216 — C217 


1.394 (3) 


C103 — C104 


1.429 (3) 


C216 — H216 


0.9300 


C103 — C108 


1.434 (2) 


C217 — C218 


1.395 (3) 


C104 — C105 


1.351 (3) 


C217 — H217 


0.9300 


C104 — H104 


0.9300 


C218— NIB 


1.382 (2) 


C105 — C106 


1.403 (3) 


C218 — C220 


1.391 (2) 


C105 — H105 


0.9300 


C220 — C221 


1.369 (3) 


C106 — C107 


1.338 (3) 


C220 — H220 


0.9300 


C106 — H106 


0.9300 


C221 — C222 


1.390 (3) 


C107 — C108 


1.436 (3) 


C221 — H221 


0.9300 


C107 — H107 


0.9300 


C222 — C223 


1.506 (3) 


C108 — C109 


1.384 (3) 


C223 — H23D 


0.9600 


C109 — C110 


1.381 (3) 


C223 — H23E 


0.9600 


C109 — H109 


0.9300 


C223 — H23F 


0.9600 


Clio — cm 


1.423 (3) 


C226 — 023 


1.426 (3) 


C110— C115 


1.442 (2) 


C226 — C227 


1.446 (4) 


cm — cii2 


1.342 (3) 


C226 — H26D 


0.9700 


cm — mil 


0.9300 


C226 — H26E 


0.9700 


Cl 13 — C114 


1.357 (3) 


C227 — H27D 


0.9600 


CI 13 — C112 


1.413 (3) 


C227 — H27E 


0.9600 


Cl 13 — H113 


0.9300 


C227 — H27F 


0.9600 


Cl 14 — C115 


1.432 (3) 


CH2 — H112 


0.9300 


Cl 14 — H114 


0.9300 


Nl — HI 


0.9784 


CH6 — C117 


1.376 (3) 


NIB — H1B 


0.8955 


CH6 — C122 


1.387 (3) 


Ol — PI 


1.4596 (13) 


CH6 — H116 


0.9300 


02 — C124 


1 .428 (9) 


1 / — C 1 1 o 




07 P1 

Ui — r 1 


1 ^77 

V.J 1 1 [of 


C117— H117 


0.9300 


C124— C125 


1.468 (12) 


C118— Nl 
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C124— H24A 


0.9700 


C118— C120 


1.392 (3) 


C124— H24B 


0.9700 


C120— C121 
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C125— H25A 


0.9600 
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0.9300 


C125— H25B 


0.9600 


C121— C122 


1.376 (3) 


C125— H25C 


0.9600 


C121— H121 


0.9300 


02B— PI 


1.55 (2) 


C122— C123 


1.510 (3) 


02B— C324 


1.54 (3) 


C123— H23A 


0.9600 


C324— C325 


1.41 (3) 


C123— H23B 


0.9600 


C324— H32A 
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C123— H23C 


0.9600 


C324— H32B 


0.9700 
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Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—R-A 

Nl— Hl-Ol* 0.98 2.02 2.990 (2) 170 

NIB— HlB-021 ii 0.90 2.15 3.016 (2) 163 
Symmetry codes: (i) -x+1, -y+l, -z+1; (ii) -x+1, -y, -z. 
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